spite of that, the species of macromedusae in most areas of the Brazilian coast are still unknown. As part of an ongoing study of the jellyfish of southern Brazil (HADDAD & NOGUEIRA JR 2006 , NOGUEIRA JR & HADDAD 2006a , NAGATA et al. 2009 ), we have identified the dominant species in the North Bay and estimated their seasonal distribution and abundance in 2005, based on bottom trawl samples. Currently, unprecedented population explosions are being recorded worldwide (e.g. MILLS 2001 , KAWAHARA et al. 2006 , which may be an indication that major changes in marine ecosystems (PARSONS & LALLI 2002) are taking place, requiring a continuous estimation of jellyfish abundances over space and time. Within this context, the data presented here can provide important baseline information that is largely absent from the historical literature of most of the South American coastline (but see MIANZAN 1989a) .
MATERIAL AND METHODS
Two bays connected by a narrow channel and appropriately named North and South Bay exist between the Santa Catarina Island and the mainland (Fig. 1 ). Several rivers from the Serra do Mar mountain range flow into the bays in small estuaries with mangroves, salt marshes, and sandy beaches. The regional climate is subtropical humid with no characteristic "dry" season but with less rainfall from April to September (CRUZ 1998) . The depth in the North Bay generally varies from 0-6 m, reaching a maximum of 21 m in the canal. The northern end of the bay, with the marine Coastal Water as the dominant water mass (MATSUURA 1986 , CRUZ 1998 ) is very wide (~5 km) and has strong shelf influence. Winds and tidal bore are the main physical agents influencing local hydrographic conditions. Locally, micro-tides are asymmetrical in terms of flow between the north and south bay entrances, with the antinode in the middle of the South Bay (MELO et al. 1997) . Sampling was carried out from February to December 2005, at six locations in the North Bay (27°30'S, 48°32'W, Fig. 1 ) as follow: Summer (17 Feb, 5 Mar), Fall (7 May, 28 May and 4 Jun), Winter (6 Aug, 12 Aug and 3 Sept) and Spring (22 Nov, 28 Nov and 3 Dec), totaling 66 hauls. Medusae were collected at all six locations by 30-minute shrimp bottom trawls from a small fishing vessel. Sub superficial (~1.5-2.0 m) sea water temperature and salinity were measured at the time the samples were taken with a Horiba U-10 multi-parameter water quality meter. Nets were 8.6 x 1.8 m, with 2.5 cm mesh size at the cod-end and 4.0 cm at the mouth. The netting route was recorded, from which the area included in the netting was estimated and varied from 6626 to 15605 m 2 (mean ± 95% CI, 10643 ± 371.4). Medusae density was then estimated as the number of individuals per hectare (n ha -1 ). . This regression was based on measurements of 26 fresh caught individuals in the State of Paraná coast and diameter explained 90% of the variation in biomass (r 2 = 0.9035). As no equation of diameter-weight conversion was found for south Atlantic populations of Aurelia spp., specimens fixed for 20 days were weighted after washing and removing excess of water with blotting paper.
Seasonal and spatial changes in the number of species hauled were tested with analysis of variance (ANOVA), after application of normal probability and variance homogeneity tests (SOKAL & ROHLF 1995) and significance was considered p < 0.05. Medusae were gathered in 47% of the samples, comprising 206 individuals of eight species: three Hydrozoa, two Cubozoa and three Scyphozoa (Tab. I). Frequency of capture was low for all species: 1-29% of the hauls. Only the scyphomedusa C. lactea (Pelagiidae) was collected in > 25% of the samples. This species, along with the hydromedusae R. atlantica (Aequoreidae) and O. sambaquiensis (Olindiidae) comprised 88% of all jellyfish collected. Chrysaora lactea also accounted for the greatest medusae biomass (45.5%), followed by L. lucerna (Lychnorhizidae, 27%) and Aurelia sp. (Ulmaridae, 11%), both less numerous but with very large individuals (Tab. I).
RESULTS

All environmental variables differed between seasons (Figs
Mean sizes and ranges of all jellyfishes are shown in table I and histograms of size classes for each species were plotted per sample day (Fig. 6 ). Despite the relatively few captures by size class of each species, size classes changed over time. For example, in March, only one young (35 mm) C. lactea specimen was captured, while two months later, most of the individuals were larger than 60 mm in diameter, with voluminous, mature gonads. From the first to the second spring samples, the size of O. sambaquiensis changed from 31-40 mm to the 41-50 mm, indicating a ~28% increase in bell diameter in a few days. Modal sizes of R. atlantica also changed during winter (Fig. 6 ).
The number of species was low (0-3) in all samples, with the highest species richness in fall (ANOVA, F(3, 62) = 6.2, p < 0.05, Fig. 7 ), when seven out of the eight species were collected (Aequorea sp. -appeared only in winter). Species richness was independent from collecting location (ANOVA, F(5, 60) = 1.1, p = 0.35, Fig. 8) .
Medusae abundance and species richness clearly changed from one season to another (Figs 7-12) . The greatest number of captures was in fall, when jellyfishes appeared in 67% of the samples, representing ~60% of the individuals and 72% of the total biomass. Also during fall, density varied from ~2 to 15 individuals ha -1 and ~60-995 g ha -1
, with one sample reaching the maximum of 38 individuals ha -1 or 1515 g ha -1 (Fig. 9) . Chrysaora lactea, captured in 61% of the fall samples, and corresponding to ~78% of the individuals and ~60% of the biomass, was the dominant species. Most medusae collected in winter were caught on August 12 (<1-6.5 indiv ha -1 , Figs 9 and 11). In winter, R. atlantica totalized >90% of the individuals but only ~17% of the biomass (Fig. 12) 9), at which time the hydromedusa O. sambaquiensis was dominant (77% of individuals and 40% of biomass, Fig. 11 ). During summer, two trawls included one medusa each, C. lactea and R. atlantica.
DISCUSSION
The assemblage of large medusae in the North Bay is relatively species rich, with the presence of most species commonly found in southern and southeastern Brazilian coastal waters 
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Fall (18) Winter (18) Spring (18) Summer (12) Figures 7-8. Mean seasonal (7) and spatial (8) ( VANNUCCI 1951 , 1954 , SILVEIRA & CORNELIUS 2000 , MORANDINI et al. 2005 , NOGUEIRA JR & HADDAD 2006a . Of the large medusae reported by Fritz Müller (MÜLLER 1859 , 1883 , see CORRÊA 1966 , the scyphozoan Drymonema dalmatinum Haeckel, 1880 (Cyaneidae) was the only species not recorded by us. While there is a known resident population off the coast of Argentina (MIANZAN 1989a, b) , this species is rarely found in Brazilian waters (MORANDINI et al. 2005) . cies due to the current taxonomic confusion in the genus (see MORANDINI et al. 2005) . The medusae of these two genera are seldom reported from Brazil and are also rare in the North Bay. The seasonal variability observed in the environmental data is typical of the region, which is strongly affected by the annual temperature cycle (CRUZ 1998 , CASTRO et al. 2005 .The absence of spatial differences in environmental variables reflects the dynamism of the waters within the bay that result from the tidal circulation patterns (MELO et al. 1997) . This is consistent with the abundance patterns observed for the most common jellyfish species, C. lactea, O. sambaquiensis and R. atlantica, which show clear temporal separation. The latter is more common during winter, whereas the remaining ones are more abundant during fall (mostly C. lactea) and spring (mostly O. sambaquiensis). While relatively well known worldwide (e.g. ARAI 1997), large jellyfish seasonality is poorly understood in Brazil as a result of the scarcity of studies on the subject. Similar to what has been observed in the present study, MOREIRA (1975) noted that R. atlantica is common mainly during winter in the coast of São Paulo. In the same region, VANNUCCI (1951) reported O. sambaquiensis throughout the year but mostly during winter, and André C. Morandini (unpubl. data) , observed that C. lactea was more abundant between late winter and early spring. Both results contrast with our data for the North Bay. The dominance of a species in at least two of the three sampled dates at each season (summer except) denote consistency in the seasonal pattern observed in this study.
Abundance in general was low, with more than half of the hauls retrieved without a single medusa. With the exception of C. lactea, medusae captures seemed accidental (using the criteria of < 25% of capture frequency following DAJOZ 1972). The low frequency of capture in our data contrasts with other studies that used the same technique in adjacent regions (VANNUCCI 1951 , 1954 , BRANCO & VERANI 2006 , NOGUEIRA JR & HADDAD 2006a ) and may suggest that medusae form occasional aggregations in the North Bay, probably carried by tidal and/or wind driven advection from external adjacent shelf waters. Even though we do not have adequate oceanographic data to evaluate the role of advection, the following factors may support our hypothesis: 1) the low residence time of waters inside North Bay due to tidal-induced circulation (MELO et al. 1997) ; 2) the high influence of adjacent shelf waters (CRUZ 1998), confirmed by the relatively high values of salinities obtained (usually у 34‰).
Estimates of abundance and biomass are indirect methods to examine productivity (OMORI & IKEDA 1984) and can provide important information for the generation of trophic models. The quantification of large medusae is a notoriously difficult task for a variety of reasons, including their soft structure and large sizes. Additionally, capture in standard plankton nets is also a problem due to the small volume of water that passes through the nets (e.g. HAMNER et al. 1975 , MIANZAN & CORNELIUS 1999 and the fact that jellyfish often concentrate in scattered parts of the sampling area. To overcome these difficulties, a
The dominant jellyfish in the North Bay was C. lactea, one of the most common and abundant Scyphozoa in the Brazilian coastal waters (SILVEIRA & CORNELIUS 2000) . This species occurred throughout the year (with the majority collected in fall), comprising 45% of the biomass and 50% of the individuals sampled in the North Bay. Jellyfishes of Chrysaora Péron & Lesueur, 1810 are important and often abundant components of coastal systems, including C. quinquecirrha (Desor, 1848) in the Chesapeake Bay (USA) (CARGO & SCHULTZ 1966 , CARGO & KING 1990 ) and Gulf of Mexico (GRAHAM 2001), C. lactea in Brazil (MORANDINI et al. 2005 , NOGUEIRA JR & HADDAD 2006a , this study), C. hysoscella (Linnaeus, 1767) in Great Britain (RUSSELL 1970) and Namibia (BUECHER et al. 2001) and C. plocamia (Lesson, 1830) in northern Chile (VEGA & OGALDE 2008) .
Other seasonally abundant species in the North Bay are the hydromedusae O. sambaquiensis and R. atlantica. The former is found from São Paulo to Argentina; it is well-known for causing skin irritation and is often very abundant (VANNUCCI 1951 , ZAMPONI & FACAL 1987 , MIANZAN & GUERRERO 2000 , NAGATA et al. 2009 ). The latter (R. atlantica), noted since the 1970s (MOREIRA 1975) in the southwestern Atlantic Ocean, was recorded in São Paulo and southern coastal Brazil (NAVAS-PEREIRA 1981 , GOY 1979 , NOGUEIRA JR & HADDAD 2006a ). The species is also found in large numbers stranded on some beaches of Florianópolis (Nogueira Jr pers. obs.) and may dominate macroplanktonic biomass during the Spring-Summer coastal upwelling near Cape Santa Marta Grande, Santa Catarina (MIANZAN & GUERRERO 2000) . Apparently, its abundance is associated with surface water temperatures of 20-21°C, which is near the mean winter temperature in our study area (19.5°C), when most individuals were captured.
Tamoya haplonema, one of the least abundant species in this study, is considered rare along the Brazilian coast (MORANDINI et al. 2005) . Nonetheless, in the fall, this species was one of the most frequently caught, being present in 25% of the samples and comprising 10% of the macromedusae abundance (both in number and biomass). While not abundant, it is recurrently found in coastal waters in the southwestern Atlantic, mostly during summer and fall, often causing accidents with swimmers and fishermen (MÜLLER 1859 , CORRÊA 1966 , PASTORINO 2001 , HADDAD JR et al. 2002 , MORANDINI et al. 2005 , NOGUEIRA JR & HADDAD 2006a , NAGATA et al. 2009 ).
The scarcity of C. quadrumanus and particularly of L. lucerna is worth mentioning, since these jellyfishes are usually common and abundant in coastal waters of southeastern and southern Brazil (VANNUCCI 1954 , MORANDINI et al. 2005 , NAGATA et al. 2009 ). The two specimens of Aequorea Perón & Lesueur, 1810 were not identified to species level because their umbrellar margin was damaged and few intact radial canals remained. However, the shape of the few lasting tentacular bulbs and the absence of excretory pores on them are as in A. forskalea Péron & Lesueur, 1810 (BOUILLON 1999 , the only species of the genus recorded in Brazil (MIGOTTO et al. 2002) . The individuals of Aurelia Péron & Lesueur, 1810 were also not determined to spe-variety of methods have been used, including large pelagic nets (HAY et al. 1990 , PAGÈS et al. 1996 , MIANZAN & GUERRERO 2000 , SUCHMAN & BRODEUR 2005 , individual counts in situ in scuba diving (ZAVODNIK 1987 , MALEJ 1989 , submersibles (e.g. VINOGRADV et al. 1985 , VERESHCHAKA & VINOGRADOV 1999 , underwater videos (ALVAREZ COLOMBO et al. 2009 ), surface counts (GOMEZ-AGUIRRE 1980 , PITT & KINGSFORD 2003 , DOYLE et al. 2007 , aerial photography (GRAHAM et al. 2003) , acoustic (ALVAREZ COLOMBO et al. 2003 ) and demersal fishing gears (BRODEUR et al. 1999 , 2002 , GRAHAM 2001 , used opportunistically in this study to take advantage of material collected by other researchers.
Even though the estimates of density and biomass are coarse (see BRODEUR et al. 2002) and a relatively small number of organisms were captured in the present study, the sampling effort and design generated data that indeed shows trends in the macromedusae populations of the North Bay. In summary, the jellyfish community in the North Bay has greater species richness and abundance during the fall when C. lactea is dominant. In winter, R. atlantica dominates, though with lower abundance, followed by O. sambaquiensis during the spring. Considering the tremendous annual variation that is common among marine invertebrates in general, and for macromedusae specifically, we recommend continuous population monitoring over larger temporal and spatial scales to better understand the population dynamics and ecosystem influences of macromedusae in Brazilian coastal waters.
